A fast algorithm for computing the two-dimensional discrete cosine transform (2-D DCT) is proposed. In this algorithm the 2-D DCT is converted into a form of 2-D DFT which is called the odd DFT(ODFT). The odd DFT can be calculated by a DFT followed by post-multiplications. The DFT part of odd DFT is calculated by the fast discrete Radon transform.
Introduction
Since its introduction in 1974, the discrete cosine transform [l] has found many applications in image processing, and data compression; due t o its ability to closely approximate the optimal Karhunen-Loeve transform (KLT) and its suitability for implementation by a fast algorithm. Recently, it has been adopted by the CCITT as part of the video coding standard.
In image coding, a 2-D DCT is used. The usual way of computing the 2-D DCT has been the row-column approach, where a 2-D DCT of an (NxN) block is decomposed into N DCTs for the N rows and N DCTs for the N columns. Recent studies [7] [4] have shown that direct 2-D techniques are more efficient than row-column approaches.
Most of the direct 2-D methods for computing 2-D DCT are based on polynomial transform [4] [7] . In [4] , the polynomial transform is used to calculated the 2-D FFT and a rotation stage is used to perform the complex multiplications. In a recent paper [7] , the polynomial transform is performed on the W$kl term. The latter reduces the computational complexity a t the expense of a more complex algorithm and flowgraph structure.
In this paper, a 2-D direct computation of the 2-D DCT is proposed. The method is based on the geometric relationship between points on a 2-D grid. The 2-D DCT is first formulated as a two-dimensional odd DFT (2-D ODFT). The newly formed 2-D ODFT can be calculated by a 2-D DFT and postmultiplications.
In this section, we briefly describe the discrete Radon transform (DRT) for computing a 2-D DFT proposed by Gertner The 2-D DFT can now be calculated using the following equations:
where R1 and Rz are the DRTs on the input array z(i,j), which are defined as:
radix-2 algorithm is used to reduce the number of additions for computing the DRT [6] . Let
The DRT can be computed in n stages.
At each stage 1,
(5b)
where
and
By using the following properties: 
Computing 2-D DCT using FDRT
In this section, we describe the mapping that enables the computation of a DCT via a DFT. A 1-D DCT is defined as follows:
By using the classical mapping [2], [3]
the DCT becomes
Using a trigonometric identity, the expression for X ( N -k) is similar t o the above equation except that the cosine function is replaced by a sine function. Hence we can define a transform U ( k ) as follows:
Note that we only need to evaluate k such that the set {k, Nk } = (0,. . . , N -1).
For the 2-D case, the 2-D DCT is defined as:
By analogy with the 1-D case, it is easy to recognize that the 2-D DCT coefficients can be obtained from U ( k , 1 ) by the following set of equations :
and y ( i , j ) is the 2-D extension of the mapping described in equation (10). [4] 
Note that eqn (14) requires U ( k , l ) to be computed for all k, and only a subset of Z such that {Z, N -Z} cover all possible values of 1.
We can rewrite U ( k , 1 ) as follows:
We observe that the summation in the above equation is identical to that for the 2-D DFT. This can be calculated using the FDRT approach, the post-multiplication stage can be implemented as suggested in 141:
where C' = cos(2?r(i)/4N) and S' = sin(2x(i)/4N) . 
Arithmetic Complexity
The number of multiplication and addition for the post multiplication stage are (3N2-2N) and (5N2-6N+2) respectively. Hence, the number of multiplications and additions required for 2-D DCT of a ( N x N ) array are:
The measure of computation complexity of the proposed algorithm is shown in Table 1 together with that of other algorithms for comparison. The complexity of the proposed approach is comparable with the current polynomial transform methods. The number of multiplications is the same as for the Vetterli approach, and greater than that for the DuhamelGuillemot. The number of additions are generally slightly more than that of the polynomial transform methods. A reduction in the number of additions can be achieved by examining
In this paper we proposed a new method for computing the 2-D DCT using a number of 1-D DFTs which is less than 2N. The measure of arithmetic complexity is comparable with the other approaches in the current literature. Research in this area should be able to reduce the complexity even further. The flowgraph of the proposed algorithm has regular structure which can be easily implemented using VLSI. Finally, the algorithm is well suited for parallel implementation. 
